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In minimal supersymmetric standard model the R-parity violating interactions can induce anoma-
lous top pair productions at the LHC through the t-channel process dRd¯R → tLt¯L by exchanging
a slepton or u-channel process dRd¯R → tRt¯R by exchanging a squark. Such top pair productions
with certain chirality cause top quark polarization in the top pair events. We found that at the
LHC, due to the large statistics, the statistical significance of the polarization observable and thus
the probing ability for the corresponding R-parity violating couplings are much higher than at the
Tevatron upgrade.
I. INTRODUCTION
It has long been speculated that as the heaviest fermion in the Standard Model (SM), the top quark may have a
close connection to new physics [1]. So far there remain plenty of room for new physics in top quark sector due to the
small statistics of the events discovering the top quark at the Fermilab Tevatron collider. Since the LHC will produce
top quarks copiously and allow a precision test of top quark nature, it will either uncover or stringently constrain the
new physics related to the top quark [2].
As a popular candidate for new physics, the TeV-scale supersymmetry can sizably alter some of the top quark
properties. For example, the minimal supersymmetric standard model (MSSM) can significantly enhance the top
quark flavor-changing neutral-current (FCNC) interactions [3] and thus make the top quark FCNC processes possiblly
observable at the LHC.
It is well known that in the MSSM, a discrete multiplicative symmetry of R-parity, defined by R = (−1)2S+3B+L
with spin S, baryon number B and lepton number L, is often imposed on the Lagrangian to maintain the separate
conservation of B and L. Since such a conservation requirement is not dictated by any fundamental principle such
as gauge invariance or renormalizability, the phenomenology of R-parity violation has attracted much attention [4].
So far as the top quark physics at the LHC, R-parity violation can cause some exotic top quark processes like the
s-channel single top production and the decays via exchanging a squark or slepton [5,6]
Note that the R-parity violating interactions can also induce new mechanisms for top pair productions at the LHC
through the t-channel process dRd¯R → tLt¯L by exchanging a slepton or u-channel process dRd¯R → tRt¯R by exchanging
a squark. Although their contribution to the total tt¯ cross section is unobservably as small as a few percent [7], they
may induce a sizable asymmetry between the left- and right-handed polarized top quarks due to the chiral nature of
these couplings. In [8] such induced polarization in the top pair events is studied for the Tevatron collider and turns
out to be a sensitive probe for these couplings due to the fact that both the SM and R-conserving MSSM contributions
to the polarization are unobservably small [9]. Since the upcoming LHC will overwhelmingly outclass the Tevatron
for the study of top quark physics, in this work we extend the analysis of [8] to the LHC.
II. CALCULATIONS


















kγ + µiLiH2, (2.1)
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where H1,2 are the Higgs chiral superfields, and Li (Qi) and Ei (Ui, Di) are the left-handed lepton (quark) doublet
and singlet chiral superfields. The indices i, j, k denote generations and α, β and γ are the color indices. For top
pair productions at hadron colliders, the lepton number violating couplings λ′i31 can induce the t-channel process
dRd¯R → tLt¯L by exchanging a slepton while the baryon number violating couplings λ′′31j can induce the u-channel
process dRd¯R → tRt¯R by exchanging a squark, as shown in Fig. 1. The forms of these amplitudes are discussed in






























FIG. 1. Feynman diagrams for top pair productions induced by λ′i31 and λ
′′
31j , respectively.
It is clear that due to the chiral nature of these couplings, the processes they induced in Fig.1 will cause top quark
polarization in the tt¯ events, i.e., an asymmetry between N+ (the number of tt¯ events with positive helicity of t) and
N− (the number of tt¯ events with negative helicity of t). The observables we will examine are three polarizations: Pt
for all tt¯ events and PFt (P
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|cos θ∗>0 = σ+ − σ−
σ+ + σ−




|cos θ∗<0 = σ+ − σ−
σ+ + σ−
|cos θ∗<0 , (2.4)
Here θ∗ is the top scattering angle in the tt¯ c.m. frame, and σ+ (σ−) is tt¯ hadronic cross section with positive (negative)
helicity of t, which is obtained by convoluting the parton cross section σˆ+ (σˆ−) with the parton distribution functions



















FIG. 2. Feynman diagrams for top pair productions in the Standard Model.
The parton cross section σˆ contains the SM contribution σˆSM and the R-violating contribution σˆnew:
• For σˆSM the dominant contributions are from the QCD processes shown in Fig. 2. It is well known that at
the LHC (Tevatron) the gluon-gluon fusion process gg → tt¯ and quark-antiquark annihilation process qq¯ → tt¯
contribute about 90% (10%) and 10% (90%), respectively. We assume that the QCD correction factors (K-
factor) to σˆnew and σˆ0 take the same value and thus the QCD correction effects cancel in the polarizations
2
defined above. Note that due to the separate C- and P -invariance of QCD, the QCD cross section σˆ0+ equals to
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(uˆ−m2t )2
+6
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for gg¯ → tt¯. Here β =
√
1− 4m2t/sˆ, tˆ = m2t − sˆ(1− β cos θ∗)/2 and uˆ = m2t − sˆ(1 + β cos θ∗)/2.
• The R-violating contribution σˆnew comes from the interference of the diagrams in Fig.1 with the corresponding
quark-antiquark annihilation QCD diagram in Fig. 2. Due to the chiral nature of these R-violating couplings,
the cross section with positive helicity of top quark (σˆnew+ ) is not equal to that with negative helicity (σˆ
new
− ).
The detailed expressions for dσˆnew+ /d cos θ
∗ and dσˆnew− /d cos θ
∗ can be found in [8].
It is notable that the SM electroweak process qq¯ → Z∗ → tt¯ can also cause top quark polarization in the tt¯ events.
But the polarization caused by this process is very small [9] since it does not interfere with the QCD amplitude
because of the orthogonal color structure. Furthermore, the polarization caused by the SM and MSSM electroweak
loop corrections to the QCD tt¯ production processes is also very small [9].
III. RESULTS AND DISCUSSIONS
In our numerical calculations the top quark mass mt = 175 GeV, and the center-of-mass energy for the LHC
(Tevatron)
√
s = 14 TeV (2 TeV). We assume that only one of the involved R-violating couplings dominates. For the
L-violating couplings λ′i31, we consider the existence of λ
′
331, in which case the stau is exchanged in the process, since
λ′131 and λ
′
231 are already strongly constrained by atomic parity violation and νµ deep-inelastic scattering [11]. For
the B-violating interactions λ′′31j , none of them have been well constrained by other processes. So we may interpret
our result as that on any one of λ′′31j , in which case the squark d˜
j is exchanged in the process.




t normalized to |λ′331|2 versus the stau mass. This figure
can be also read as −Pt, −PFt and −PBt normalized to |λ′′31j |2 versus the mass of the squark d˜j with PFt and PBt
interchanged. The total polarization is smaller than hemisphere polarizations because of the cancellation between
the two hemispheres. For the coupling λ′331 (λ
′′
31j), the backward (forward) polarization has the largest magnitude
of the three. Comparing the LHC results with the Tevatron results, we see that the polarizations at the LHC are
smaller. This can be understood as follows: Compared with the Tevatron, at the LHC both the difference σ+ − σ−
(= σnew+ − σnew− ) and the total cross section σ+ + σ− increase, but the total cross section increase more significantly
since it is dominated by gluon-gluon fusion process.
Now we estimate the statistical sensitivity. We assume that only the leptonic modes are used to identify the top
quark t → W+b → ℓ+νℓb (ℓ = e or µ). This is because charge measurement is needed for top/antitop identification
and the reconstruction of the final state decay products is required for separating the top polarization states from
















t ) is obtained by replacing the above events numbers with those in forward (backward) hemisphere.
For the tt¯ event number in eq.(3.1) we take the assumption N = NSM + Nnew ≃ NSM = LσSMtt¯ with σSMtt¯ = 873 pb

































t normalized to |λ′331|2 at the LHC (
√
s = 14 TeV) and the Tevatron upgrade
(
√
s = 2 TeV) versus the exchanged stau mass. The figure can be also read as −Pt, −PFt and −PBt normalized to |λ′′31j |2 versus

































Solid: LHC (100 fb-1)
Dashed: Tevatron (30 fb-1)
FIG. 4. Statistical significance at the LHC (
√
s = 14 TeV) and the Tevatron upgrade (
√
s = 2 TeV), normalized to |λ′331|2.












t normalized to |λ′331|2 versus stau mass are shown in
Fig. 4. The figure can be also read as the statistical significances normalized to |λ′′31j |2 versus the exchanged squark
4
mass with PFt and P
B




31j) the sensitivity of the backward (forward)
polarization is the best. Comparing Fig. 3 with Fig. 4, we see that although the polarizations at the LHC are smaller
than at the Tevatron upgrade, the LHC gives much larger statistical significances due to its much larger tt¯ sample.
The 2σ statistical limit for λ′331 (λ
′′
31j) versus stau (squark) mass is shown in Fig. 5. The current 2σ limits from
Z decay at LEP [14] are also shown for comparison. We see that the LHC is quite powerful in constraining these
R-violating couplings in case of unobservation. Of course, the actual limits will be somewhat weaker than our results
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FIG. 5. The 2σ statistical limit for λ′331 (λ
′′
31j) versus stau (squark) mass.
IV. CONCLUSION
In summary, the R-parity violating interactions of the top quark, which have not been well constrained by current
experiments, can induce anomalous top pair productions at hadron colliders. Although such induced processes only
contribute to the total tt¯ cross section at the percent level, they can cause top quark polarization in the top pair
events due to the chiral nature of these interactions. The polarization can be a useful observable for probing these
interactions at the LHC and the upgraded Fermilab Tevatron collider because the polarization is expected to be very
small in the Standard Model. We found that at the LHC, due to the large statistics, the statistical significance of
the polarization observable and thus the probing ability for the corresponding R-parity violating couplings are much
higher than at the Tevatron upgrade.
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